Current reports on prognostic factors for chondrosarcoma mainly involve patients in treatment centers. Few are based on multicenter or multi-eras. We analyzed existing data from the Surveillance, Epidemiology, and End Results (SEER) database to investigate the risk factors for survival outcomes. All patients with chondrosarcoma from 1973 to 2012 were identified. 3737 patients were eligible and included. In survival analysis, patient had good survival outcome if the patient was female, young, with localized stage, well grade, small tumor size, treated with surgery, while patient was male, old, with distant stage, undifferentiated grade, tumor size <50 mm, located in vertebral or pelvic bones, underwent radiation had bad survival outcome. Surgery types from having best survival outcomes to worst were local excision, radical excision, amputation, no surgery. 'Well' and 'moderately' grade seems to be suitable for local excision, but 'poorly' and 'undifferentiated' grade suitable for wide local excision. Multivariate COX regression analysis showed year of diagnosis, sex, age of diagnosis, stage, grade, tumor site, surgery, radiation were independent risk factors. Year of diagnosis, sex, age of diagnosis, stage, grade, tumor site, surgery, radiation were independent risk factors. Excision is a better treatment than amputation. Doctors can use wide local excision to treat chondrosarcoma, especially when encountering high grade chondrosarcoma or pelvic chondrosarcoma.
Introduction
Chondrosarcoma is the second most common malignancy of skeletal system cancers following osteosarcoma and the treatment of it is challenging for orthopedic oncologists [1] . It is less sensitive to radiation or chemotherapy and the only therapy hitherto proved to be effective is surgical excision [2] . Metastasis has been confirmed to be associated with worse survival outcome of patients with chondrosarcoma [3, 4] . However, it is difficult to correlate metastasis potential with histological features under the microscope [1] . Therefore, it is critical to study the risk factors and the effects of different treatments, on the survival outcome of chondrosarcoma.
Prognoses for chondrosarcoma have been studied in single center trials [5] , meta-analysis [6] and systematic reviews [1] . Few studies analyse a sample size as large as the Surveillance, Epidemiology, and End Results (SEER) program. SEER covers 17 geographically defined registries and approximately 26% of the U.S. population, which contains a great amount of data for all kinds of tumors from 1973 to now.
In this study, we obtained data from the SEER program, and selected all patients with chondrosarcoma between 1973 and 2012. We investigated the influence of 15 variables on the survival rate of chondrosarcoma using multivariate COX regression analysis. We then performed a pairwise comparison of these factors and analyzed the impact of different therapeutic strategies on the survival rates. We aimed to identify useful factors for the prevention and treatment of chondrosarcoma.
software to represent chondrosarcoma, NOS. 3737 cases were identified. Survival outcomes were analyzed according to 15 variables.
Study design
These 15 factors can be split into 3 categories: patient related factors (year of diagnosis, and age of diagnosis, sex, race, CHSDA region, and whether they were from rural or urban areas), tumor related factors (stage, grade, tumor size, laterality, tumor site) and treatment related factors (surgery, surgery type, radiation, treatment).
We divided year of diagnosis into 4 groups: 1973-1982, 1983-1992, 1993-2002, and 2013-2012 . Age at diagnosis was also divided into 4 groups: 00-24 years, 25-49 years, 50-69 years, 70 + years. Races determined were White, Black and Other (American Indian/AK Native, Asian/Pacific Islander). CHSDA region was divided as East, Northern Plains, Pacific Coast and Southwest. Rural or urban were defined as urban and rural according to whether the patient was in a metropolitan area. Stages of cancer were either 'localized', 'regional' or 'distant'. In terms of grade patients were either 'well differentiated', 'moderately differentiated', 'poorly differentiated', or 'undifferentiated'. We identified 4 groups regarding tumor size: <50 mm, 50-79 mm, 80-99 mm and ≥100 mm. Tumor laterality was categorized as being right or left. In respect of treatment patients either had no surgery, local excision, radical excision or amputation. For tumor site the following were identified: upper limb was the combination of C40.0 and C40.1, lower limb was the combination of C40.2 and C40.3, skull and mandible was the combination of C41.0 and C41.1, chest bones was C41.3, vertebral and pelvic bones were combinations of C41.2 and C41.4.
There is a lack of data for all 3737 patients with respect to laterality, surgery type and tumor size. Information on laterality was available for 2670 patients. Information on surgery type was only available for 2319 patients and all available records were dated from 1998. For tumor size records began from 2004 with only 1215 cases. Therefore, in the survival curve, the x-axis for surgery type and tumor size did not correspond to 40 years.
Statistical analysis
SEER*Stat application (version 8.3.4) was used and we collected data for each patient from case listing sessions. These data were then analyzed using SPSS version 17.0 (SPSS, Chicago, IL, USA). Analysis was done on five-year survival rate, log-rank testing, pairwise comparison, univariate analysis and multivariate COX regression. 15 factors were considered. Laterality, tumor size and surgery type had incomplete data. In addition, surgery type and treatment overlapped with other factors. As such these 4 factors were excluded. Only 11 factors were included and analyzed by multivariate COX regression. Model 1 includes all 11 factors whereas Model 2 only includes 8 factors as 3 factors were excluded on the basis that they had no significant difference in univariate analysis. We also compared outcomes between surgery types wholly and at the same stage and grade. Number of cases at each situation, the order from best survival outcomes to worst, and pairwise comparisons were analyzed, respectively. Relationships between surgery, radiation and metastasis were subsequently analyzed to figure out the influence of treatment type on survival.
Results

3.1.
The five-year survival rate, univariate analysis and pairwise comparisons Table 1 conducted five-year survival rates and univariate analyses for 15 factors. Fig. 1 consists of drawn survival curves and presented results of pairwise comparisons on pictures. From the table and the figure, we can see prognosis of chondrosarcoma getting better when comparing outcomes by decade. 1973-1982 had the worst five-year survival rate (64.4%), whereas 2003-2012 had the best five-year survival rate (77.6%). Female patients had better survival outcome than male (P < 0.001). Survival of chondrosarcoma got worse as age increased, and each group (00-24 years, 25-49 years, 50-69 years, 70+ years) had significant difference (P < 0.05 for all). No significant differences were found between different races (P > 0.05) and different CHSDA regions (P > 0.05). There was no significant difference in survival rates for patients from rural and urban areas (P > 0.05). There were, however, significant differences for stage in pairwise comparisons and whole comparison (P < 0.001 for all). 'Localized' was best, followed by 'regional', and 'distant' being the worst. A similar result was shown for grade of chondrosarcoma. Patients with 'well' grade had better outcomes than those with 'undifferentiated' grade. The differences was more obvious (P < 0.001 for all). The most prominent thing shown in the 9th picture of the survival curve was that tumor size ≥100 mm had the lowest survival rate (P < 0.05). As tumor size increases prognosis becomes poorer. Whether the tumor was located on the left or right side had no effect on survival rates (P > 0.05). Tumors located in vertebral and pelvic bones had worst prognosis (P < 0.001). Those located in other sites had no differences between each other. Patients who underwent surgery had better survival rates than who not (P < 0.001). When compared with each other, the surgery type groups from having best survival outcomes to worst were local excision, radical excision, amputation, no surgery. Every pairwise comparison between surgery types shows a significant difference (P < 0.05 for all). Patient who underwent radiation had worse prognosis than those who did not (P < 0.001). When looking at every pairwise comparison, it is clear that treatment methods from having the best survival outcomes to worst were as follows: surgery, surgery + radiation, none, radiation (P < 0.001 for all). From the results of the five-year survival rate statistics it is interesting to see that 'distant' stage, 'undifferentiated' grade had a five-year survival rate lower than 30%. Moreover, more situations had five-year survival rates higher than 80%. In addition, the five-year survival rate of patients who underwent radiation but did not underwent surgery was 17.3%, which was in shark contrast to 'radiation' (49.9%) and 'no surgery' (43.0%).
Association between surgery type and survival outcome
The relationship between surgery type and survival outcomes was further analyzed as stage and grade to avoid confusion. Results are shown in Table 2 . From the table, we can see more patients at the 'localized' stage underwent excision and less patients underwent amputation. Patients at a 'distant' stage tended to not be surgically treated. Fewer patients with 'well' grade underwent amputation. From looking at the effect of surgery type on survival we can see the consistency of the order from best to worst (excision, amputation, and no surgery) except that we cannot determine the order of local excision and radical excision. We found that radical resection has a better outcome for higher grade chondrosarcoma ('poorly' and 'undifferentiated'). But local resection appears to be better for lower grade chondrosarcoma ('well' and 'moderately').
Association between treatment type and survival outcome
We identified patients with 'distant' stage in the SEER database as metastatic patients. Analysis of the relationship between treatment types and metastasis in Table 3 shows that patients who underwent single radiation had the highest metastasis rate (at 41.4% shown in the table). Patients who underwent single surgery had lowest rate of metastasis at 4.4%. Only 6.5% of all patients who did not undergo radiation were metastatic patients. 22% of all patients who did undergo radiation were metastatic patients.
Multivariate COX regression analysis
Through univariate analysis we can see that significantly different factors include year of diagnosis, sex, age at diagnosis, stage, grade, tumor size, laterality, tumor site, surgery, surgery type, radiation, and treatment (P < 0.05 for all). In Model 1 of multivariate COX regression analysis year of diagnosis, sex, age of diagnosis, stage, grade, tumor site, surgery, and radiation were all independent risk factors (P < 0.05 for all). Model 2 of multivariate COX regression analysis had the same independent risk factors as Model 1 (P < 0.05 for all). Results of Table 4 .
Discussion
Our study shows a five-year overall survival rate of 73.9% in patients with chondrosarcoma. From the survival analysis, we found that the survival of chondrosarcoma have certain characteristics. 'Distant' stage, 'undifferentiated' grade and single radiation had very low fiveyear survival rate, lower than 30%. Moreover, most variables have a five-year survival rate higher than 80%. Our study shows that year of diagnosis, sex, age of diagnosis, stage, grade, tumor site, surgery and radiation are all independent risk factors. Now we will further discuss them according to each variable.
In patient related factors, year of diagnosis, sex, and age of diagnosis are all independent risk factors. Azzarelli et al. [7] revealed that age was a significant prognostic factors but sex was not a prognostic factor. No other studies reported year of diagnosis, sex as risk factors for survival of chondrosarcoma, but in our population based study we found these 3 factors had obvious impact on the survival of patients with chondrosarcoma. We can see improvement of outcome with the development of the times. 1973-1982 had the worst five-year survival rate and 2003-2012 had the best five-year survival rate.
In tumor related factors, stage, grade, and tumor site are independent risk factors. Wang et al. [8] revealed high histological grade as an independent risk factor. Fiorenza et al. [9] analyzed 153 patients with non-metastatic chondrosarcoma and concluded that high histological grade was an independent risk factor but location within the body and surgery type were not. The target in our study was chondrosarcoma, NOS, which accounted for 90% all chondrosarcoma in SEER database. Dedifferentiated chondrosarcoma was a high malignant cancer and not included in our study. If it was included, it belonged to high histological grade. Liu et al. [10] studied dedifferentiated chondrosarcoma in 23 patients. They found that the median survival time was 9 months and the five-year survival rate was only 17.4%. Grimer et al. [11] conducted a retrospective study of 337 patients with dedifferentiated chondrosarcoma using data supplied by the European Musculo Skeletal Oncology Society (EMSOS). He concluded that the femur and pelvis were the most common sites, with an overall survival rate of 28% at 10 years. All above indicate that higher grade tumors have poor prognosis. With regards to sites of chondrosarcoma an axial site has poorer prognosis than an appendicular site. In our study we found that the worst sites were vertebral and pelvis. This was confirmed in other single center studies. For example, Yin et al. [12] analyzed 98 patients with spinal chondrosarcoma, with a recurrence of 90.4% in 2 years and a death rate of 67.7% in 3 years. Several studies [13] [14] [15] explained the higher recurrence rate in spinal chondrosarcoma as the anatomic constraints. Sheth et al. [16] studied 67 patients with pelvic chondrosarcoma, during a follow-up of 115 months (range, 24-288 months). His study showed a recurrence rate of 28% and a death rate of 36%.
In treatment related factors, surgery and radiation were independent factors. Reports for the effect of surgery on survival outcome mainly focus on the comparison of intralesional resection and wide resection. The largest study was from Nota et al. They conducted a systematic literature review of 13 studies and no difference was found between the two surgery types. Only 2 reports [9, 17] of the 13 showed differences. Another large study was from Chen et al. [6] who conducted a meta-analysis of 10 studies including 394 patients with central grade 1 chondrosarcoma to compared the effect of intralesional resection and wide resection. Patients who underwent intralesional resection were shown to have lower complication rates, better Musculoskeletal Tumor Society score (MSTS), but no difference in local recurrence. However, Sheth et al. [16] , who studied 67 patients, suggested that the key to obtaining a favorable outcome in lower grade chondrosarcoma in the pelvis is adequate surgical excision. The study carried out by Donati et al. [18] revealed that even low-grade chondrosarcoma in the pelvis has a high local recurrence rate so it is necessary to treat it with wide local excision. The multivariate COX regression analysis in the present Number  No surgery  75  62  51  77  70  24  17  188  Local excision  535  208  31  397  321  48  8  774  Radical excision  456  327  46  328  373  93  35  829  Amputation  79  130  16  49  117  39  20  225  Order of outcome  Best  2  3  2  2  2  3  3  2  Better  3  2  3  3  3  2  2  3  Worse  4 
2 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 0.167 P < 0.001 1 vs. 3 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 0.001 cohort study suggested that local excision was better (P = 0.043), and detailed analysis in Table 2 revealed that higher grade chondrosarcoma ('poorly' and 'undifferentiated') needs thorough resection whilst lower grade chondrosarcoma ('well' and 'moderately') only requires local removal. Some studies support our conclusion. One such study was carried out by Mermerkaya et al. [19] who suggested that intralesional curettage was suitable for chondrosarcoma of Grade 1. Likewise Campanacci et al. [20] studied low-grade chondrosarcoma at appendicular bones and concluded that only an aggressive biologic behavior on imaging was the indication of wide resection. The suggestion from our study that high grade tumors need wide excision is supported by Grimer et al. [11] who analyzed dedifferentiated chondrosarcoma. Their study shows inadequate margins of excision carries risks of local recurrence and therefore negatively affects the overall survival rates of patients. A recent review by Leddy et al. [1] suggests that wide local resection should be recommended even in cases of low-grade chondrosarcoma to avoid recurrence. Based on the above studies and the results in our study (the P value was 0.043 when comparing local excision with radical excision), we also recommended wide local resection as the treatment for most chondrosarcomas. At present, the use of radiation in chondrosarcoma is very controversy. Some case reports [21, 22] showed that radiation could induce chondrosarcoma, whilst other studies showed that it could reduce recurrence of chondrosarcoma [23] . Leddy et al. [1] suggested that the effects of radiation remain unclear because chondrosarcoma is resistant to chemotherapy and radiation. Our study showed 22% patients who underwent radiation were metastatic patients, while 6.5% patients who did not undergo radiation were metastatic patients. This demonstrated that patients who select radiation with/without other treatments tend to be metastatic patients. So the reason of bad prognosis caused by radiation might be actually the metastasis lead to bad survival. Thus, this study cannot prove that radiation is harmful or beneficial to survival outcome.
We hope that this study may be of use for clinical doctors. Our study demonstrated that year of diagnosis, sex, age of diagnosis, stage, grade, tumor site, surgery and radiation are independent risk factors for survival. Although patients and tumor related factors cannot be changed treatment can be changed or adapted to obtain better outcomes. For example, excision might be recommended to treat chondrosarcoma for most patients whilst amputation might not. Amputation, a measure of thorough resection, could not improve survival outcomes, as evidenced by the worse survival outcome than local excision and radical excision in this study. Wide local excisions might be recommended especially when encountering high grade chondrosarcoma or pelvic chondrosarcoma. The effect of radiotherapy for the treatment of chondrosarcoma is uncertain so we should not use it as the main therapy. Further studies should be done to obtain a better treatment strategy. Our study has some limitations. First, the SEER database did not provided us with detailed information of treatment. For an example, information on chemotherapy treatment and detailed surgery type was not available. Joint replacement as a detailed surgery type was not described in the database. Secondly, this study was a retrospective analysis so the accuracy of results cannot equal randomized controlled trials. Finally, this study does not include a description of tumor recurrence and therapy after recurrence. Despite the limitations, this study incorporated a large number of chondrosarcoma cases, increasing the accuracy of present study's results.
